INTRODUCTION
============

Enhanced recovery after surgery (ERAS) care pathways are aimed at improving the patient experience with recovery while reducing health care costs and complications.^[@R1],[@R2]^ ERAS guidelines address key reasons for prolonged length of stay (LOS): (1) continued need for intravenous hydration; (2) need for parenteral analgesia; (3) decreased mobility; and (4) intolerance of enteral nutrition.^[@R3]--[@R5]^ A multidisciplinary approach is required to manage all aspects of patient treatment to improve postsurgical patient recovery and decrease perioperative morbidity.^[@R5]^ ERAS guidelines may decrease morbidity by reducing physiologic alterations caused by surgery and postsurgical care. Use of ERAS pathways may also improve quality of care and patient satisfaction.^[@R3]^ Several recent studies have demonstrated the benefits of ERAS and other "fast-track surgery" guidelines in breast surgery in terms of improved outcomes in LOS, along with decreased postsurgical opioid usage, health care costs, and readmission rates.^[@R3],[@R6]--[@R8]^

Use of multimodal analgesia for postsurgical pain management is a critical component of ERAS (Fig. [1](#F1){ref-type="fig"}).^[@R5],[@R9]--[@R11]^ Multiple societies and governmental organizations have developed or endorsed evidence-based guidelines supporting the use of multimodal analgesia to manage postsurgical pain.^[@R11]--[@R14]^ Multimodal regimens for postsurgical analgesia vary based on procedure but may include a combination of oral or intravenous nonopioids administered perioperatively, such as gabapentinoids, acetaminophen, anti-inflammatory agents including dexamethasone,^[@R15],[@R16]^ α~2~-adrenergic receptor agonists including clonidine,^[@R17],[@R18]^ dexmedetomidine,^[@R17]^ muscle relaxants including diazepam,^[@R19]^ methocarbamol,^[@R20]^ and tizanidine, and nonsteroidal anti-inflammatory drugs (NSAIDs).^[@R21],[@R22]^ Intraoperatively, administration of local anesthetics via regional anesthesia techniques or local infiltration into a surgical site is considered effective, with low risk of complications, and is a common component of multimodal analgesic regimens.^[@R22],[@R23]^

![Multimodal analgesia addresses multiple sources of pain.^[@R5],[@R9]--[@R11]^ COX-2, cyclooxygenase 2; NMDA, *N*-methyl-D-aspartate. Adapted with permission from Henrik Kehlet and Jørgen B. Dahl, The value of "multimodal" or "balanced analgesia" in postoperative pain treatment, Anesthesia & Analgesia, volume 77, issue 5, pages 1048--1056, ©1993 by the International Anesthesia Research Society, and from Dave Klemm, Washington, DC, ©2001.](gox-5-e1480-g001){#F1}

The Breast Reconstruction Advisory Group, a panel of 9 experts in anesthesiology and breast reconstructive surgery, convened on September 18, 2015, to develop a consensus approach to best practices for providing analgesia for breast surgical procedures while reducing opioid use and opioid-related adverse events. This article will review input received from the advisory group regarding optimal multimodal analgesic regimens that may be utilized with or without ERAS for breast surgical procedures. Technical aspects relating to regional and local anesthetic administration during common breast surgical procedures, both oncologic and reconstructive, will be emphasized. The clinical pathway proposed in this article was contributed by multiple individuals employing a multidisciplinary approach. Like any proposed protocol or pathway, they should serve as starting points only and should be tailored to individual patients and their clinical presentations, as well as to clinicians and their practices, experience, and comfort levels. Although the recommendations put forth in this article represent a consensus of the majority of contributing authors, they do not necessarily represent the practice guideline of every author.

Pain Associated with Surgical Treatment for Breast Cancer
---------------------------------------------------------

Acute postsurgical pain is commonly associated with both mastectomies and reconstructions.^[@R24]^ Inadequate pain management in the acute setting may increase risk of chronic pain development.^[@R11]^ In a study of 28 women undergoing breast cancer surgery,^[@R25]^ patients who reported persistent postsurgical pain at 3 months postoperatively (29%) had greater pain on postoperative day (POD) 5 compared with those who did not report persistent postsurgical pain. Acute postsurgical pain was also a predictor of persistent postsurgical pain in a larger study of 537 women followed up to 1 year after breast cancer surgery.^[@R26]^ Severe pain after mastectomy has been associated with development of postmastectomy pain syndrome and occurs in 20--52% of patients, adding to an already psychologically devastating experience and negatively impacting quality of life.^[@R27]^

Postsurgical Pain Management following Breast Reconstruction
------------------------------------------------------------

Postsurgical pain after breast surgery contributes to delayed patient mobilization and prolonged LOS.^[@R6]^ Although traditional pain management for patients undergoing breast reconstruction has relied heavily on opioids,^[@R27]^ the American Society of Anesthesiologists Task Force recommends moving away from sole reliance on opioids to routine use of multimodal analgesic strategies including NSAIDs, cyclooxygenase-2 inhibitors, acetaminophen, and regional blockade with local anesthetics.^[@R11]^

The authors propose an opioid-sparing multimodal analgesic clinical pathway (Fig. [2](#F2){ref-type="fig"}) for 4 common breast procedures---lumpectomy, bilateral mastectomy with and without tissue expanders, and deep inferior epigastric perforator (DIEP) flap reconstruction---which has provided superior analgesia for their patients and can be utilized in ERAS.

![Proposed multimodal regimen for controlling postsurgical pain following common breast surgical procedures. COX-2, cyclooxygenase 2; IV, intravenous; Pecs I + II, pectoral nerve block types I and II; PO, oral; POD, postoperative day.](gox-5-e1480-g002){#F2}

### Analgesic Options for the Pre- and Postoperative Periods

The authors' recommendations for analgesic options in the pre- and postoperative periods are presented in Table [1](#T1){ref-type="table"}.

###### 

Analgesic Options for the Pre- and Postoperative Periods

![](gox-5-e1480-g003)

### Analgesic Options for the Intraoperative Period

Both regional and local anesthesia techniques are commonly used intraoperatively to provide analgesia. Thoracic epidural and paravertebral block have been shown to improve pain control and recovery, compared with general anesthesia alone.^[@R24],[@R28]^ There is a depth of literature that reviews both the utility and drawbacks of epidural and paravertebral blocks, so the primary objective of this report is to discuss other local anesthetic techniques including Pecs I and II infiltration blocks,^[@R28],[@R29]^ serratus block,^[@R30]^ local infiltration,^[@R23]^ field block infiltration,^[@R31],[@R32]^ and transversus abdominis plane (TAP) infiltration.^[@R22],[@R33]^ The relatively short duration of action of traditional local anesthetics is a limitation to their use and has led to different approaches to prolong the duration of postsurgical analgesia (e.g., continuous wound infusion). However, for the intraoperative local anesthetic techniques described herein, it is the authors' opinion that maximal use of longer-acting local agents is key. Although technique and timing of administration may vary depending on the procedure,^[@R5]^ surgical-site infiltration or field blocks can be effective in relieving postsurgical pain.^[@R31],[@R34]^ Local infiltration into the chest wall with anesthetics such as bupivacaine HCl 0.25% is suitable for lumpectomies, but for more invasive procedures, field block infiltration or fascial plane infiltration may be more appropriate. In the fascial plane between the pectoralis major and minor muscles lie the lateral and medial pectoral nerves; in the plane between the pectoralis minor and serratus anterior muscles lie spinal nerves T2--T4 and the long thoracic nerve. Ultrasound guidance can be utilized to identify these fascial planes and local anesthetics can be deposited to provide analgesia to these anatomic regions, with some spread to T6, using novel techniques referred to as Pecs I and II field infiltration^[@R28],[@R29]^ (Figs. [3](#F3){ref-type="fig"}--[4](#F4){ref-type="fig"}; **see video, Supplementary Digital Content 1**, which demonstrates Pecs I and II infiltration technique. Pecs I and II, pectoral nerve block types I and II. This video is available in the "Related Videos" section of the Full-Text article on [PRSGlobalOpen.com](http://PRSGlobalOpen.com) or available at <http://links.lww.com/PRSGO/A514>). In Pecs I infiltration, local anesthetic is injected between the pectoralis major and minor muscles.^[@R28],[@R35]^ Pecs II infiltration is more technically challenging and involves injection of local anesthetic between the pectoralis muscles and between the serratus anterior muscle and pectoralis minor muscle^[@R28],[@R35]^ (**see video, Supplementary Digital Content 2**, which demonstrates Pecs II and serratus plane infiltration (sometimes referred to as Pecs III) technique. Pecs I and II, pectoral nerve block types I and II. This video is available in the "Related Videos" section of the Full-Text article on [PRSGlobalOpen.com](http://PRSGlobalOpen.com) or available at <http://links.lww.com/PRSGO/A513>). However, Pecs I does not reliably block pain at the serratus muscle, whereas Pecs II infiltration anesthetizes the entire breast and axilla.^[@R28]^

![Ultrasound images of Pecs I (A) and Pecs II (B). Pecs I and II, pectoral nerve block types I and II; pM, pec major; pm, pec minor; r4, rib 4; sm, serratus muscle. Images courtesy of Jacob Hutchins, MD.](gox-5-e1480-g004){#F3}

![Overview of Pecs I and II infiltration (A) internal sagittal view and (B) external anterior view.^[@R28],[@R29]^ Pecs I and II, pectoral nerve block types I and II. Images courtesy of Pacira Pharmaceuticals, Inc.](gox-5-e1480-g005){#F4}

![See video, Supplementary Digital Content 1, which demonstrates Pecs I and II infiltration technique. Pecs I and II, pectoral nerve block types I and II. Video courtesy of Jeffrey C. Gadsden, MD. This video is available in the "Related Videos" section of the Full-Text article on [PRSGlobalOpen.com](http://PRSGlobalOpen.com) or available at <http://links.lww.com/PRSGO/A514>.](gox-5-e1480-g006){#V1}

![See video, Supplementary Digital Content 2, which demonstrates Pecs II and serratus plane infiltration (sometimes referred to as Pecs III) technique. Pecs I and II, pectoral nerve block types I and II. Video courtesy of Mark Brzezienski, MD, Chattanooga, TN. This video is available in the "Related Videos" section of the Full-Text article on [PRSGlobalOpen.com](http://PRSGlobalOpen.com) or available at <http://links.lww.com/PRSGO/A513>.](gox-5-e1480-g007){#V2}

For Pecs I and II, direct injection during the open surgical procedure is also possible. These techniques provide good analgesia during and after breast surgery and, unlike thoracic paravertebral and epidural blocks, are not associated with sympathetic block.^[@R19]^ Pecs I and II infiltration were evaluated in a randomized trial^[@R19]^ in which 60 patients received Pecs I and II plus general anesthesia and 60 patients received general anesthesia alone before modified radical mastectomy surgery. Lower pain scores, lower morphine consumption through 12 hours postsurgery, and fewer opioid-related complications were observed in the Pecs I and II group.^[@R19]^ Another prospective study compared ultrasound-guided pectoral nerve block versus single ipsilateral paravertebral block in 60 patients undergoing modified radical mastectomy; levobupivacaine 0.25% was used in both techniques.^[@R36]^ Pectoral nerve block was associated with reduced morphine consumption within the first 24 hours after surgery and lower pain scores within the first 12 hours after surgery versus paravertebral block.^[@R36]^

Serratus plane infiltration (sometimes referred to as Pecs III)^[@R37]^ is an ultrasound-guided technique that can produce numbness and paresthesia from T2 to T9.^[@R30]^ A local anesthetic is deposited in the fascial plane between the latissimus dorsi and serratus anterior muscles (identified at the level between the fourth and fifth ribs); a superficial rather than deep injection to the serratus muscle optimizes the duration of action and dermatomal spread of local anesthetic (**Supplementary Digital Content 2**). This technique provides analgesia to nearly an entire hemithorax on the side on which the local anesthetic is administered.^[@R30]^ Depending on the coverage needed, the techniques of Pecs I, Pecs II, and serratus plane infiltration may be suitable for mastectomies with or without tissue expanders or implants.

For reconstruction using DIEP flaps, TAP infiltration is recommended. In TAP infiltration, local anesthetic is deposited, usually under ultrasound guidance, in the fascial plane between the internal oblique and transversus muscles,^[@R31]^ providing analgesia to the abdominal wall (Figs. [5](#F5){ref-type="fig"}--[6](#F6){ref-type="fig"}; **see video, Supplementary Digital Content 3**, which shows an overview of classic TAP infiltration technique. This video is available in the "Related Videos" section of the Full-Text article on [PRSGlobalOpen.com](http://PRSGlobalOpen.com) or available at <http://links.lww.com/PRSGO/A516>; **see video, Supplementary Digital Content 4**, which demonstrates an overview of subcostal TAP infiltration technique. This video is available in the "Related Videos" section of the Full-Text article on [PRSGlobalOpen.com](http://PRSGlobalOpen.com) or available at <http://links.lww.com/PRSGO/A515>).

![Ultrasound images of TAP infiltration: classic TAP (A) and subcostal TAP (B). EO, external oblique; IO, internal oblique; TA, transversus abdominis. Images courtesy of Jacob Hutchins, MD.](gox-5-e1480-g008){#F5}

![Overview of TAP infiltration. Image courtesy of Pacira Pharmaceuticals, Inc.](gox-5-e1480-g009){#F6}

![See video, Supplementary Digital Content 3, which shows an overview of classic TAP infiltration technique. Video courtesy of Jacob Hutchins, MD. This video is available in the "Related Videos" section of the Full-Text article on [PRSGlobalOpen.com](http://PRSGlobalOpen.com) or available at <http://links.lww.com/PRSGO/A516>.](gox-5-e1480-g010){#V3}

![See video, Supplementary Digital Content 4, which demonstrates an overview of subcostal TAP infiltration technique. Video courtesy of Jacob Hutchins, MD. This video is available in the "Related Videos" section of the Full-Text article on [PRSGlobalOpen.com](http://PRSGlobalOpen.com) or available at <http://links.lww.com/PRSGO/A515>.](gox-5-e1480-g011){#V4}

TAP infiltration can be performed preoperatively with minimal sedation. Intravenous midazolam 1--2 mg, with or without intravenous ketamine 10 mg, can be administered for sedation and/or anxiolysis. Alternatively, TAP infiltration can be performed intraoperatively under direct vision, before abdominal closure during DIEP flap surgery. With direct visualization (e.g., during field block or infiltration of the breast or pectoralis), the entire operative field is wide open and directly accessible. Although administering TAP infiltration before beginning a case may be beneficial during surgery, the surgeon can perform the block 45--60 minutes before final closure to ensure adequate analgesia in the postanesthesia care unit. Combining this technique with the use of bupivacaine HCl may provide similar early postoperative pain relief. Intravenous acetaminophen can also be initiated approximately 30 minutes before the end of the case but no earlier than 4 hours after an oral dose of preoperative acetaminophen to ensure onset of analgesia.

In the past, longer-acting local anesthetics, such as bupivacaine HCl or ropivacaine, were commonly used in field block infiltrations.^[@R38],[@R39]^ More recently, a novel, prolonged-release local anesthetic, liposomal bupivacaine, marketed in the United States by Pacira Pharmaceuticals, Inc., Parsippany, N.J., as Exparel (bupivacaine liposome injectable suspension), has become available.^[@R40]^ Liposomal bupivacaine is indicated for surgical-site infiltration and field block infiltrations where the anesthetic is placed in the fascial plane between muscles.^[@R32],[@R40]^ This includes TAP block for DIEP and muscle-sparing transverse rectus abdominis myocutaneous flap procedures, to produce postsurgical analgesia, and is consistent with Pecs I and II infiltration.^[@R19]^ Liposomal bupivacaine is an encapsulated formulation of bupivacaine released over time by multivesicular liposomes.^[@R40],[@R41]^ Liposomes are deposited throughout the surgical site upon administration; as they are metabolized through normal biologic processes, bupivacaine is continually released over a period of several days.^[@R42]^

Clinical Evidence Supporting the Use of Liposomal Bupivacaine in Breast Reconstruction
--------------------------------------------------------------------------------------

Liposomal bupivacaine has been used in a wide range of surgical sites, and improved analgesia with reduced postsurgical opioid usage has been demonstrated in clinical trials.^[@R43]^ Liposomal bupivacaine has been evaluated for use in breast surgical procedures, including oncologic, reconstructive, and cosmetic procedures.^[@R3],[@R27],[@R44]--[@R48]^

A retrospective chart review^[@R27]^ evaluated postsurgical analgesia and LOS for 90 patients undergoing mastectomy and immediate implant-based breast reconstruction; all were transitioned to oral opioids.^[@R27]^ Patients receiving field block with liposomal bupivacaine had a numerically shorter mean LOS compared with patients receiving intravenous/oral opioids (1.5 versus 2.0 days; *P* = 0.062), a higher rate of hospital discharge within 1 day after surgery (*P* = 0.016),^[@R27]^ and significantly lower pain scores at 4, 8, 12, 16, and 24 hours (*P* \< 0.01).^[@R27]^ It should be noted that intercostal field block infiltration and regional (e.g., intercostal) nerve block are different techniques^[@R27],[@R33]^ and that liposomal bupivacaine is indicated for infiltration into the surgical site but not for regional nerve block.^[@R40]^

Another retrospective review of patients undergoing mastectomy with immediate tissue expander reconstruction^[@R44]^ compared 53 patients who received intraoperative local infiltration with liposomal bupivacaine with 44 patients who were administered preoperative ultrasound-guided paravertebral block. Liposomal bupivacaine was administered into the base of the mastectomy skin flaps, the pectoralis major muscle and serratus fascia, periaxillary tissues, and drain sites following the mastectomy and before tissue expander placement. In the liposomal bupivacaine group, opioid use in the recovery room was significantly lower versus the paravertebral block group \[mean (SD) = 9.4 (16.4) versus 24.8 (23.9) oral morphine equivalents, respectively; *P* \< 0.001\]. LOS in the recovery unit was comparable between groups. Pain scores on the day of surgery were lower in the liposomal bupivacaine group than in the paravertebral block group \[mean (SD) = 3.2 (1.8) versus 4.2 (1.5), respectively; *P* = 0.008\]. Time to first postsurgical opioid dose was significantly longer for patients in the liposomal bupivacaine group versus patients in the paravertebral block cohort \[mean (SD) = 210 (212) versus 125 (171) minutes, respectively; *P* = 0.04). Further, those who received liposomal bupivacaine were less likely to require opioids during the recovery period (44% versus 74%, respectively; *P* = 0.006).^[@R44]^

In another study of 100 women undergoing abdominally based microsurgical free-flap breast reconstruction,^[@R3]^ an ERAS pathway that included intraoperative use of liposomal bupivacaine was compared with traditional care after surgery. In the ERAS cohort, mean hospital LOS was significantly decreased compared with the traditional care after surgery cohort (3.9 versus 5.5 days, respectively; *P* \< 0.001). For the first 3 PODs, total inpatient opioid usage (oral morphine equivalents) was 71% less for the ERAS group versus the traditional care after surgery group (167.3 versus 574.3 mg, respectively; *P* \< 0.001), with similar pain scores for both groups at most time points.^[@R3]^

Use of liposomal bupivacaine in cosmetic breast procedures has also been studied. In a phase 3, randomized, multicenter, double-blind study, 136 patients undergoing bilateral submuscular breast augmentation under general anesthesia were administered either the 266-mg maximum dose of liposomal bupivacaine^[@R40]^ (n = 66) or 100 mg of bupivacaine HCl/epinephrine 1:200,000 (n = 70) into each implant pocket.^[@R48]^ Pain intensity with activity was significantly lower at 8 hours and 12 hours after study drug administration in the liposomal bupivacaine group versus the bupivacaine HCl/epinephrine group \[4.9 (0.41) versus 6.7 (0.40) at 8 hours; *P* = 0.0016 and 5.6 (0.40) versus 6.9 (0.37) at 12 hours; *P* = 0.0143). Mean total postsurgical rescue opioid consumption was lower in the liposomal bupivacaine group through 72 hours.^[@R48]^

A phase 4, multicenter, prospective, observational study^[@R34]^ evaluated the effect of a single intraoperative administration of liposomal bupivacaine 266 mg into the surgical site on postsurgical pain, opioid use, and opioid-related adverse events in 49 subjects undergoing breast surgery and/or abdominoplasty. Low pain intensity scores and reduced opioid consumption were observed compared with investigators' previous experiences with patients not receiving liposomal bupivacaine. Mean numeric rating scale pain scores were ≤ 4.3 from discharge through POD 3. Median daily oral opioid consumption was approximately 1 tablet postsurgically on the day of surgery and approximately 2 tablets by POD 3. Subjects' satisfaction with postsurgical analgesia was high, with a low rate of opioid-related adverse events.^[@R34]^

In a telephone survey of 75 women who had received liposomal bupivacaine at the time of either a cosmetic breast/abdominal procedure (n = 23) or breast reconstruction (n = 52), mean pain scores using a 1--10 verbal scale were 2.6 (0--9) on POD 1 and 3.6 (0--8) on POD 3. All patients preferred liposomal bupivacaine over their perceptions of an elastomeric pump device, and 97% reported they would want to receive liposomal bupivacaine should they need surgery again.^[@R38]^

In a recently published case report^[@R37]^ describing ultrasound-guided lateral and medial pectoral nerve block using liposomal bupivacaine before surgical incision for submuscular breast augmentation, the authors reported complete relaxation of the pectoralis major muscle, facilitating surgical dissection and markedly diminishing postsurgical pain and muscle spasms. The patient required no opioids from discharge through POD 10.^[@R37]^

Technical Considerations for Administration of Liposomal Bupivacaine
--------------------------------------------------------------------

The recommended dose of liposomal bupivacaine is based on various factors including volume required to cover the site, allowed maximum dose of 266 mg (20 mL), and patient risk factors.^[@R40]^ Liposomal bupivacaine is intended for single-dose administration only; a single 20-mL vial may be expanded with ≤ 280 mL of normal sterile saline or lactated Ringer's solution to ensure sufficient coverage of larger surgical sites. Administration technique can greatly affect the efficacy of analgesia in wound infiltration; liposomal bupivacaine should be injected slowly into soft tissue using a 25-gauge or larger bore needle. Also, liposomal bupivacaine does not spread as extensively as bupivacaine HCl, so the "moving needle" technique is crucial to ensure adequate spread of the anesthetic. For larger areas (e.g., during lower abdominal incision for DIEP flap reconstruction or abdominoplasty), it may be easier to use a blunt tip infiltration cannula rather than a 25-gauge needle. Accurate infiltration of all relevant tissue layers of the surgical site is recommended for efficacy, with frequent aspirations to check for blood, to reduce the chance of an inadvertent intravascular injection.^[@R22],[@R40]^

There are precautions to consider when using liposomal bupivacaine in conjunction with other local anesthetics. Nonbupivacaine local anesthetics, such as lidocaine, can be administered before administration of liposomal bupivacaine, into the same site, but a separation of ≥ 20 minutes is required. Rapid release of bupivacaine from liposomes may occur when lidocaine or similar nonbupivacaine local anesthetics are locally coadministered.^[@R40]^ This rapid release of bupivacaine from liposomes could potentially affect properties of liposomal bupivacaine and alter its efficacy and safety.^[@R40]^ Other formulations of bupivacaine HCl may be admixed with liposomal bupivacaine in the same syringe, as long as the ratio of milligram dose of bupivacaine HCl:liposomal bupivacaine does not exceed 1:2. For example, there are 266 mg of bupivacaine in a 20-mL vial of liposomal bupivacaine, which is equivalent to 300 mg bupivacaine HCl^[@R40]^; therefore, up to 150 mg of bupivacaine HCl can be coadministered with a 20-mL vial of liposomal bupivacaine.

CONCLUSIONS
===========

Postoperative pain management is a key component of ERAS pathways for breast surgical procedures. Perioperative multimodal analgesia and opioid-sparing analgesic regimens utilizing a combination of oral and intravenous nonopioids, as well as regional and local infiltration techniques, are optimal for providing pain relief following surgery. However, the proposed analgesic options should supplement, not replace, clinical judgment when making treatment decisions. Evidence supports the use of liposomal bupivacaine infiltration to produce postsurgical analgesia for a broad range of surgical procedures utilizing a wide range of injection techniques. Studies evaluating liposomal bupivacaine in breast surgical procedures have shown reduced postoperative opioid usage coupled with a low burden of opioid-related adverse events, reduced hospital LOS, lower postsurgical pain scores, and high patient satisfaction. Liposomal bupivacaine can be used in a variety of local and field infiltration techniques, including Pecs I and II, serratus plane infiltration, TAP infiltration for DIEP flaps, chest wall infiltration, and incisional or drain site infiltration. Meticulous administration to all tissue layers is essential for optimal results.
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